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APPENDIX I
TEST TECHNIQUES, DATA ANLYSIS
METHODS, AND TEST DATA

General

Dimensional analysis of the major items affecting helicopter per-
formance yielded the variables used to present performance data. These
dimensionless variables are defined as follows:

Cp=Shp x 550 =1 sja 1 3-7

pA (OR) La/ [MR-/'j

CT =.--W--=K FK2npA (QR) a 4R )CT2 K2 L&W 2~~

V + 0.592 (2R)

MTIP 38.967 T•--a

NR 4

Notes:

(1) Constants K1 through K 4 pertain to specific rotor systems and are:
K = 64138149/(R) , K2 12211.87223/(R) , Kx 0.00009373/(R).

For the UH-IN they are: K1 = 8.0549, Y2 - 0.0368, K 3 = 0.0022495,

K 4 - 0.6719927 (for V0  in knots).

(2) For the test conditions encountered, it was assumed that Vt 1,1= VC,

i.e., AVc 0. AVc = compressibility correction to calibrated

airspeed.

SQ :3. .7. 7 t . 7- .- -.. I - x .



Pitol-Static System Calibration

A.\irspoed calibration tests were conducted to determine the position
0,7 the standard and test (boom) airspeed systems. The tower fly-by

.i:.d ground-speed course were the methods used. These techniques provided
level flight airspeed calibrations, and also provided a static source
calibration for the standard and test altimeter position errors for
level flight.

The standard system was calibrated against the test boom system in
clirb and autorotation, the results of which are presented in figure 2,

The test boom system had a full-swiveling pitot-static source which
remained aligned with the airstream, within large angles of fuselage
attitude relative to the airstream.

The standard pitot-static system was also calibrated in level flight
for the two UH-lN helicopters esed in Category II systems and all-weather
tests. The ground-speed course technique was utilized on both
aircraft. The results of these tests are incorporated in the airsipeed
and altimeter calibration plots presented in figures 1 and 3, appendix I.

Hover

In-ground effect and out-of-ground effect tethered hovering perfor-
nance data were obtained at skid heights of 2, 4, 10, 15, 25, 35, and 60
feet. Constant referred rotor speeds (NR/./,) were flown in order to
dcvttrinine comp-essibility effects on power required. Referred rotor
spneds of 300, 310, 320, and 330 rpm were flown. With this technique,
the rortor speed was varied with temperature to maintain a constant
IýR/f a which resulted in a constant Mach number at the rotor blade tip.
Free hover data were obtained at 100 feet skid height to verify that
the aircraft was actually out of ground effect at a skid height of 60
feet. All hover tests were conducted in less than 3 knots of wind.

Table I, appendix I, lists the conditions in which the hovering
data were obtained.

r)uring the tuthelied hovering tests the helicopter was tethered to
the ground by a uablu and load cell (which measured cable tension).
Thrust produced was assumed equal to the gross weight of the helicopter,
cable and load cell plus the cable tension.

Power coefficient (Cp) was plotted against thrust coefficient (CT)
for each skid height; fairings defined by points of equal referred rotorsp•eed (qNZ/•'/TI) were established. The hover data are presented in ius
4 through 13, appendix I.

Hover sunuiiaries were derived for specified altitude and temperature
conditions at maximum power available utilizing the nondimensional hover
i,1ots and are presented in figures 5 and 6.
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Tabl I

SUMMARY OF UOVER TEST CONDITTONS

N /,'1) 300 rpm NR/ a 10 rpm Nl/'' f 320 33m 0 /-7__33

Skid Pressure Pressure. Pressure Pressure
H{eight AltitudeI FAT Altitude PAT Altitude PAT Altitude FAT

(ft) .(ft) (deg C) (ft) (deg C) (ft) (dog €) (ft) (dJeq ()

2 9,S60 9 2,130 -7 1,990 -' 1,970 -1
99,560 8 9,560 a 2 ,11]0 -'

10,170 -6

4 9,570 9 2,720 -7 2,170 0 2,160 0

9,590 8 9,590 7 2, 110 -4
10,230

10 9,640 10 1,990 -4 1,930 -5 1,9 0- 1 -5
9,640 9 9,640 9 2,080 -6

10,270 -,

15 - - - 2,060 0 2,030 -2 2,030 -2
9,850 0 9,850 -1 2,110 -4

9,670 3
8409,4 -1

25 9,640 7 2,170 1 2,170 1 2,170 1
9,600 9,620 5 2,080 5

1 1 1 9,850 -2

35 - - - 2,190 2 2,190 2,180 0
9,860 -' 9,820 -J 2,080 -5

9,120 -.
60 - - - 2,050 -2 2,060 --. 2,060 -2

9,640 -0 9,650 0 2,100 -3
I 1 9,650 0

100 4,09u 2 4,1001 4,100 [ i 4,-- -19,700 -2 9,700 "2J 9,690 -! 9,690 -2

Note: All above conditions are average values.

Takeoff

Generai

Takeoff tests were conducted at an average pressure altitude of 9,700
feet. Gross weight was varied from approximately 9,000 to 10,500 pounds.
Initial rotor speed was 324 rpm (100 pct) , and all takeoffs were made
with a mid (sta 137.0) cg loading. Maximum available power was used for
all takeoffs. For airspeeds below 25 KIAS, a pace vehicle was used as

a reference to obtain the desired airspeed.

Power, weight and atmospheric conditions were recorded for each
takeoff. A Fairchild Flight Analyzer was used to record a time history
of each takeoff. Ground speed and horizontal and vertical distances
were derived from the time histories. The test results are presented
in figures 18 through 37, appendix I.

The ACp parameter was used to correlate the takeoffs. The excess
power available (ACp) was defined as the difference between the maximum
puw•. 1ailable recorded at the 50 foot height and the pvwcr rcquired to

Wi,



hover at a referenced skid height (4 feet and 15 feet). This definition
may be expressed in the nondimensional power coefficient term as ACp

CpAvailable - CpRequired to hover . Gross weight was varied to obtain a

wide range of &Cp values. For each ACp, a plot of distance to a 50-foot
height versus true climbout airspeed was constructed. A carpet plot
using ACP for correlation was then constructed showing distance required
for various climbout airspeeds in terms of the excess power available.

The following takeoff techniques were investigated to determine
the takeoff performance of the UH-lN:

1. Level acceleration from a 4-foot hover with and without rotor rpm

bleed.

2. Level acceleration from a 15-foot hover.

3. Climb and acceleration from light-on-skids with and without rotor
rpm bleed.

Takeoff Techniques

The level acceleration (no rotor rpm bleed) technique was performed
as follows:

The helicopter was stabilized at the desired hover height with rotor
rpm (NR) set at 100 percent (324 rpm). The helicopter was then transi-
tioned into forward flight as smoothly and rapidly as possible with use
of cyclic and collective pitch. Collective pitch was increased to the
maximum possible without drooping the rotor below 100-percent rpm. The
power turbine governor (beep) switch was increased to maximum during the
transition, and NR was controlled with collective pitch. The helicopter
was transitioned into forward flight at a constant skid height until the
desired takeoff speed was reached. As the takeoff speed was reached,
the pitch attitude of the helicopter was adjusted to maintain the desired
airspeed until above the desired 50-foot altitude. This technique also
applied to level acceleration takeoff from a 15-foot hover, simulating
a sling load.

The level acceleration (with rotor bleed) technique was basically
the same as the "no bleed" technique with the exception of the NR control.
In the "bleed" technique, the NR was slowly bled off in the climb so as
to droop from iO0 percent in the level acceleration to 97 percent (314
rpm) upon reaching 50 feet of altitude.

The climb and acceleration technique wes performed as follows:

Beginning from a light-on-the-skids condition, power was increased
to maximum as the aircraft left the ground; desired airspeed was obtained
by holding pitch attitude. For these tests the pitch attitude was set
at 3 degrees noseup on the ground. The maximum pitch attitude used was
10 degrees nosedown at a climbout airspeed of 45 knots. At 2 degrees
nosedown, a climbout airspeed of 25 knots was achieved. During the
climb the rotor rpm was held constant at 100 percent. Upon reaching 50
feet, the airspeed was allowed to increase while maintaining altitude.
The climb and accelerate technique was also repeated using the NR "bleed"
technique. In this technique the NR was "bled" at approximately 2 rpm
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per second from 100 percent at 15 feet to 97 percent at 50 feet. Upon
reaching 50 feet, the collective pitch was reduced very slightly to
allow NR to increase while maintaining altitude.

Climb

Sawtooth climbs were conducted at pressure altitudes of 5,000,
10,000, and 14,000 feet at gross weights of approximately 8,500 and
10,000 pounds and at maximum continuous power (88-percent torque).

The observed rates of climb were corrected to test day tapeline
rate of climb using the following equation:

Tdh xat
R/Ct-: Xr -

as

where

R/Ct = rate of climb (tapeline), feet per minute

dh
-- slope of the pressure altitude versus time curve, feet per

minute

Tat = test day ambient temperature, degrees K

Tas = standard day temperature for the test attitude, degrees K

The test day values of the rates of climb for the altitudes and
temperatures tested are presented in figures 38 and 39, appendix I. A
sunm-ary of the climb performance is presented in table II.

Two continuous climbs were conducted from a 2,000-foot pressure
altitude to the service ceiling or envelope limit using a mid cg loca-
tion, maximum continuous power, 314-rpm rotor speed, and climb-start
gross weights of 8,790 and 10,400 pounds. Only one climb was made at
each gross weight. The climb tests were ccnducted at 53 KIAS on the nose-
boom airspeed system. This speed was determined from the minimum power
required from the level flight speed-power tests.

The observed rates of climb were corrected to test day tapeline
rates of climb as discussed for the sawtooth climbs.

The test day values for the rate of climb are presented along with
shaft horsepower required, calibrated airspeed, true airspeed, gross
weight, fuel used, time to climb, nautical air miles traveled, ambient
air temperatures, and pressure altitude. Results of the continuous climb
tests for test day conditions are presented in figures 40 and 41, appen-
dix I.



Table II

SUMMARY OF LEVEL FLIGHT TEST CONDITIONS

UH-IN USAF S/N 68-10776
T400-CP-400 Engine

Category II

Avg Avg Avg Avg
N R Gross Pressure Avg NRCond C x 10 4  R a Weight Altitude FATNo. T (rpm) (Ib) (ft) (deg C) (rpm) Remarks

1 28 340 7,800 3,250 -25 315

1 28 340 7,900 2,980 -12 323 Single engine
2 32 319 7,940 3,090 4 313
2 32 319 7,960 3,270 4 313
2A 32 300 7,580 940 21 303
2B 32 310 7,970 1,370 20 313
3 32 331 8,430 3,420 -7 319

3 32 329 8,380 3,420 -15 312 Single engine
3 32 330 8,660 2,410 -9 316 Single engine
4 32 333 8,510 3,260 0 324
5 32 338 8,430 4,470 -7 311

6 32 339 8,150 5,760 -26 314
7 32 341 8,560 4,500 -23 315
8 36 300 8,600 710 24 305
9 36 310 9,120 970 24 314

10 36 321 8,180 5,510 0 312
10A 36 319 8,520 4,420 16 320
10 36 320 8,460 4,650 2 313 Heat on
10 36 320 8,580 4,350 9 316 Fwd cg
10 36 323 8,520 4,490 5 317 Aft cg
11 36 323 8,090 7,900 -3 321
12 36 341 7,840 10,070 -20 319
12 36 340 8,030 9,790 -18 320 Single engine
13 40 301 9,230 1,650 23 305
14 40 310 8,750 4,860 15 310

14 40 310 9,250 3,300 26 316 Full armament

15 40 320 8,510 7,260 0 312
16 40 329 8,080 10,260 2 321
16 40 330 8,430 9,150 -14 313 Single engine
17 40 339 9,870 6,620 -24 316

19 43 301 9,900 1,760 24 305
20 43 311 9,180 5,460 18 312
20 43 310 8,700 6,950 17 310 Rockets only
20 43 310 9,480 4,130 25 316 Full armament

21 43 320 8,920 7,890 7 316
22 43 331 8,610 10,860 '3 321
22 43 332 8,930 9,580 -3 322

- -



Table II (Concluded)

Avg Avg Avg AvgN /na Gross Pressure Avg NR
Cond C X 10 4 R a Weight Altitude FAT
No. T (rpm) (Ib) (ft) (deg C) (rpm) Remarks

23 43 340 9,590 9,320 -27 314
25 43 301 9,820 3,780 16 302

26 46 310 9,030 7,700 16 310 Rockets only
26 46 311 9,430 6,420 13 310 Full armament
27 46 320 8,880 9,790 -2 311

29 46 339 8,390 14,340 -30 311

31 50 300 9,870 5,850 18 302
32 50 311 9,450 8,570 14 310

32 50 311 9,480 8,600 13 310 Full armament

33 50 319 9,060 11,290 8 316
34 50 330 8,870 13,390 -7 318
35 50 340 8,440 16,330 -32 311
44 53 300 9,540 8,240 16 301

Level Flight

Level flight performance tests were conducted to determine power re-
quired, range, fuel flow, compressibility effects, and engine characteris-
tics. The tests were conducted at pressure altitudes from 710 to 16,330
feet, ambient air temperatures from +26 to -32 degrees C, and at average
gross weights from 7,580 to 9,870 pounds. Each flight was conducted at
a predetermined and constant thrust coefficient (CT) and referred rotor
speed (NR//-a) by maintaining a constant W/ 6 a relationship. This required
increasing the pressure altitude as fuel was consumed and adjusting the
rotor speed as the ambient air temperature varied so that W/ 6 a and
NR//-a remained constant. The data were corrected for adiabatic tempera-
ture rise created by the aircraft's forward velocity.

Level flight performance was obtained in the clean loading (twin-
and single-engine), with full external armament (cargo doors open, two
7.62mm miniguns extended fixed to fire forward, and two LAU-59/A rocket
launchers installed), with 2 LAU-59/A rocket launchers only, and with
forward and aft cg locations. The test conditions flown are shown in
table II, appendix I.

The level flight data were reduced to nondimensional form and plotted
as Cp versus CT for constant p and for lines of constant NR,/VI•. These
are presented in figures 42 through 51, appendix I. The individual level
flight plots are presented in figures 52 through 101, appendix I.

Level flight performance summary curves of loiter (minimum power
required) fuel flow and Vc and long range cruise NAMPP and Vt were ob-
tained by entering the nondimensional level flight plots (figures 52
through 101, appendix I, at a given set of flight conditions and ob-
taining the corresponding nondimensional power coefficient. Fuel flow
was found by referring to sea level standard day conditions the shaft
horsepower obtained from the nondimensional power coefficient and enter-
ing the engine characteristics plots. The referred fuel flow (Wf/6t 22'Ot2)
was then corrected to the desired atmospheric conditions.

Specific range was calculated using:
Vt

NAMPP Vt
wf



Vibration

Vibrations were recorded on an oscillograph, measuring both the
lateral and vertical vibrations at the pilot's seat (sta 46.7) and the
cargo area (sta 133). A calibration curve of single amplitude per g
versus frequency was obtained. This curve was fitted by a fifth order
polynomial equation. The vibration traces were divided into ten equal
time segments per cycle and the amplitudes were measured. These points
were fitted by a Fourier analysis. The frequency was calculated from
the time of the cycle and the amplitude was calculated from the Fourier
analysis. Knowing these two values and by going into the calibration
curve, the g forces were obtained. These calculations were done on the
IBM 1620 computer. The vibration data are presented in figures 102
through 111, appendix I.

Autorotatliona Descents

Autorotational descents were made to determinu the airspeeds for
minimum rate of descent and maximum glide range at various rotor speeds.
Sawtooth descents were flown at 8,500-and 10,000-pound gross weights at
5,000 and 10,000 feet PA. Rotor speeds of 294 rpm (91 percent), 324 rpim
(100 percent) and 339 rpm (104.5 percent) were investigated.

The observed rates of descent were corrected to test day tapeline
rate of descent using the following equation:

T
R/Dr dh at

R/t dt T
a s

R/Dt = rate of descent, (tapelirin-), f.;Lt pur minuLL
dh -d e s st m u v ,f u u
d- slope of the pressure altitude versus tiju curve, feet p-r

minute

Tat = test day ambient temperatuzu, duc ui.s K

Ta,, = standard' cay temperature for the test altitudc:, degrees K

The test day values of the rates of descent are presented in figures
114 through 117, appendix I.

The airspeed for the maximum glide range was found at the point of
tangency of a line drawn from the zero R/D and Vt intersection to the
I(R/D versus Vt fairing.
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Slope Landing

Slope landing tests were made to determine the maximum slope angles
on which the UH-IN could be landed, and to develop the pilot techniques
involved. Aircraft gross weights and cg locations tested were:

Longitudinal cg Lateral cg
Gross Weight Location Location

(lb) (sta) (in.)

8,500 137 (mid) 0

10,000 137 (mid) 0

10,000 141 (aft) 0

10,000 133 (fwd) 0

10,000 134 (fwd) 5.2 right

Before starting the actual slope landings, the clearance between
the main rotor blades and the fuselage (including the special instrumen-
tation test boom) was investigated. Fore and aft cyclic control inputs
were made from the neutral position to full travel in increasing incre-
ments of 1 inch. Collective control inputs to full down were made from
displacements up to 4.14 inches (equivalent to approximately 55-percent
torque) from full down. Simultaneous fore and aft cyclic and collectivo
inputs were made incrementally up to full cyclic travel (from neutral)
and froftL 4.14 inches from full down collective. Main rotor blade clearance
from the forward fuselage, special instrumentation nosebo6m, and the
tailboom was observed visually. At; no time did the rotor blades come
closer than 10 to 12 inches from the tailboom or 15 to 20 inches from
the noseboom. Blade overshoot with collective input ar!peared to be
undetectable or negligible due to the re"ative ly high rigidit.y of the
rotor system.

The actual slope landing tests were performed on a hill with a large
variety of slope angles up to approximately 17 dcgrees. The surface was
typical of a type found in this desert region - decomposed granite and
irregular quartz rock ranging in size from very fine gravel to rocks up
to 3 inches in diameter. The helicopter landing skids made slight, if
any, imprint on the surface. This surface was relatively slippery at
the higher slope angles and required care when landing the aircraft.

The slope landings were made while oriented nose up-slope, nose
down-slope, and cross-slope right aPn left. For the landing, the heli-.
copter was first hovered just off tne ground (1 to 2 feet) and allowed
to stabilize. The collective was slowly lowered until the skid(s) con-
tacted the ground. Cyclic control was applied in the up-slope direction
to firmly plant the skid(s) on the slope. The collective was slowly
lowered and, as the aircraft rotated, the cyclic control was applied in
the up-slope direction t:o keep the skid ir; place. Once the helicopter
had both skids on the slope, the collective was fully lowered and the
cyclic stick was centered. The primary slope angle limiting factors
were cyclic control stop limits, fuselage nose clearance and tail skid
clurdnie. At each of the maximum slope angles tested, the cyclic controlstops were reached.
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Takeoff from the slope was accomplished by slowly increasing the
collective until the helicopter was slightly light on the skids while
holding the cyclic stick toward the up-slope. As the aircraft came off
the slope the cyclic stick was centered to hold the helicopter level.

The results of the slope landing tests are shown in figure 118,
appendix I.

Helght-Velocity

Gmeral

Height-velocity performance tests were conducted to define the
single-engine go-around and landing envelopes following a simulated
single-engine failure. Tests were conducted at gross weights from 7,700
to 10,500 pounds and pressure altitudes from 2,100 to 9,600 feet.

Surface winds were 3 knots or less during these tests. A constant
aircraft gross weight was maintained by reballasting as fuel was con-
sumed. Power, weight, and atmospheric conditions were recorded for each
point. A Fairchild Flight Analyzer was used to record a time history of
each approach. Ground speed and horizontal and vertical distances
were derived from the time histories.

A power ratio was determined for each test condition. This power
ratio was defined as:

Single-engine maximum power available
Power required to hover OGE

These powers were the test average single-engine maximum power
available and the test power required to hover OGE.

The results of the height-velocity tests are presented in figures
119 through 126, appendix I.

Technique

All height-velocity points were entered from stable, unaccelerated
flight conditions. Single-engine failure was simulated by rapidly re-
tarding the No. 2 engine to flight idle. Collective pi-tch control move-
ment was delayed for 2 seconds after the throttle cut to simulate pilot
reaction time. Rotor rpm (NR) prior to cut was 100 percent. After the
delay period, the collective pitch was lowered to restore the NR to 97
percent, and the power turbine governor (beep) trim switch was increasea
to maximum. The power on the operating engine was kept at maximum during
the landing or go-around by maintaining 97-percent NR.

Prior to each test condition the minimum OGE single-engine level
flight speed and the minimum climb speed were determined. These speeds
were used as the target speeds for each data point. These speeds changed
(lowered) ac ground effect built up, but the out-of-ground-effect speeds
were used to maintain consistency of data.

Tests were also conducted to determine the pitch attitude change
rciuired from the hover condition to achieve the target speeds. A pitch
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change of approximately 20 degrees nosedown gave the best compromise
between pilot task and aircraft response. This was used throughout the
tests.

The tests were initiated at each test condition from the high hover
condition (when OGE hover was possible). Each succeeding point was at a
lower altitude until a landing was required. At that point the landing
was repeated to obtain a lower touchdown speed. Each succeeding point
on the curve was obtained by lowering the entry speed at each altitude
until a landing was again required. The lower hover points were deter-
mined by increasing hover heights in small increments until the sink rate
after engine cut indicated a harder than normal landing would occur.

From the hover conditions above 100 feet, the pitch attitude change
decreased progressively as the height above the ground decreased. Below
20 feet at 5,000 feet H the collective pitch was not lowered to regain
lost rpm to minimize a guildup of the rate of descent. At the 9,600-
foot Hp point this lower altitude restriction was 30 feet.

Two landing techniques were used during these tests. The first was
to minimize the flare. This was the direct result of attempting to make
a go-around. When it was determined that a landing was necessary, the
aircraft was flared to approximately 10 degrees noseup to reduce airspeed.
Prior to touchdown the aircraft was leveled and at the same time the
collective pitch control was raised to cushion the landing. This tech-
nique resulted in relatively fast but gentle touchdown speeds. The
second technique was to flare the aircraft more steeply, 10 to 20 degrees
noseup, to slow the touchdown speed. Collective pitch was used slightly
in the flare to keep the rotor rpm from increasing excessively. An exces-
sive NR increase at this point would have resulted in sensing of an over-
speed in the operating engines, thus reducing power which would not have
been regained before touchdown. The aircraft was leveled before touchdown
and collective pitch was increased to cushion the landinc. This technique
resulted in significantly slower touchdown speeds.

Power Determination

The combining gearbox has a hydromechanical torquemeter for each
engine installed as an integral part of the combining gearbox. The opera-
tion of the torquemeter is based on the principle that a torque applied
to a helical gear produces an axial force normal to its plane of
rotation. Torque is measured as the difference between oil pressures
in the torquemeter and in the gearbox.

11



Shaft horsepower was determined from inflight torquemeter readings
'Lid rotor rpm using the following equation:

Shp 2 Tf E

whe reO

w shp erengine output shaft horsepower

NE =gearbox output shaft rotational speed, rpm

Q output shaft torque, ft-lb

Gearbox output shaft speed was determined from rotor speed as follows:

NE = NR x 20.37

where 20.37:1 is the main transmission gear ratio.

Substituting the last two equations, an equation for calculating
shaft horsepower was developed:

21 x NR x 20-.37 x Q
shp33,00 = 0.0038784 x Nx Q

The T400-CP-400 power package as installed in the ;EI-IN produced a
slight complication in computing shaft horsepower. Separate torquemeters
are provided for each engine, however, there is only one output shaft..
Therefore, when the engine was calibrated the dynamometer attached to
the single output shaft read total torque for the package. The torque-
meter calibration presented the sum of the two torquemeter readings in
psi versus total torque in ft-lb. Therefore, total package shaft horse-
power had to be computed since there was no way to compute the shaft
horsepower produced by an individual engine.

The combining gearbox torquemeter calibrations for gearbox f-/N 4061
and 4064 are presented in figures 3 through 8, appendix II. The unin-
stalled test ceý.l, United Aircraft of Canada, Limited, calibration fair-
ings for the engine characteristics are shown on all engine characteris-
tic plots except for engine S/N 66126. Engine& S/N 66126 was not a
calibrated engine.

Referred output shaft horsepower (shP/6t 2 /ut ) was determined by
assuming that each engine was producing one-half 9f the total output
shaft horsepower. This shaft horsepower derived for each engine was then
referred to the compressor inlet condition existing at each of the com-
pressor inlets. The referred shaft horsepowers for the, two engines were
then added together to obtain the total referred shaft horsepower. I
12



Output shaft horsepower, fuel flow, gas producer turbine speed, and
inter turbine temperature were generalized by the following relationships:

N
s~hp.. vs Ng

6t2vety v 9t2

Tt N
-vs _L

6t2 t2

2 2 2

The engine characteristics data are presented in figures 127 through
138, and figures 142 through 153, appendix I.

FIGURES 1 THROUGH 166
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Ul- IN U AF S/Ni 68-10776
T400-CP.400 Enrigne

Category 11,

Conditioon No. x a Avg Pressure Altitude (Ft) -- ,?S•O
C1  o.ooe Avg FreeAir Temp. (*C) -4 4.8

"" ereo Avg Gross Weight (Lb) -r, oo

Nit/,r•C;" ,, 99.Avg cg Location (Sta) ,. w ..
Avg NR (rpm) - iMz r -TALED. 5-5INUlR B..•I ED
Loadin~g - CL.EAN IP OCN FC t-EC

DERIVED FROM FIGURES
42THROUGH 51 RND US

U N) 1.00

0. £. il -I .98

, .,CVNj .94

.92 2.I.I

RIECOMMENDP-D -0
C.RUI8E -- 0

,841

/4 .82-lu ,U. 242 I/ 8.

22 7'

0j

6

_14 • .S
",¢..

] j 71 •

.t.J4 .*(, *.)8 ,10i .12 .14 . I( .18 ,20 .22 .24 .26 ,28 ,30

,Jyance Ratio .. K
1'j.gure 5Z, Nondincenstonal Level Flight Performance 67
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Allr-ti OF S/.64-074-

Condiion.................... .......................

CT *Avg Fro ~ 1' (*p (a-%.1,
-~eAvg Gross weight. (W~) F.-r

NRsa 33vt.~l A~ gLa~r S

*Avg NR (xpu) u~

Loading x LER

z .96

, . . .92~
M TIP .

....................... 88

26-1. SINGLJ.E Et4GIRE 0 PERI PMO ' -$

.2.R LSF T MMA LE, RGR.ElN. 73
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22)
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T400CP4O nnp
Cate gory' 11

I vgPressure Altitudei' (Ft) =,Sp9

Condition No.:kZAv

CT 0 .0O3Z.786 ~ Avg Free_ Air Tom'. B0 ) 6

W/6a Avg GrosslWeight (1b) 7,4

319.3 ~Av g cg Location. Sa.

Avrg NR (rpm) 3Ia-0.

: Loading CLEAM
DERIVED FROM- FIGURES.
4Z TIAROUGH 51 RND 14.3

z 0. 10 ...
96

0.051 . ..
94.

34 ~.92

32 9

26_ECMENE .84,-

CRUISE 10

'24 
.82-

4 4 2

-4T

u 18, 76 7

o16.7

14 2

12

.0 .6 .(8 .10 .12 .14 .1.6 .18 '.*,0 .22 .24 26 .28.3

1gLlI e 154 Nonrir i m ms I cm n Loeve 1*light Performanfce 69



INI

Condition' N'o' .. .. .v ~es1e ~iu~(

CT o.00ZS Av Free Air Tep JC Y
* S8O' . vg;('ross ilgolt

a 1:

Avg NR (rpm).Sa3I..

Loading *C~ ,.

..98

30 80

328

03

-84
26 ECOMEDE

024

c: 22 t

0184

S16 7

'Ud

Advance floltio -

i !m~ N3 ondimetiglonial 1,evel Fligilt Perfortdncee



7, 17. .. .

CT .-OOO4-Av e em (C -i z c*
W/5 ' Av ýros s ýWeig (Lb)'

R/~ _cg. Lo ation(ta Vi

Avg NR '')~~
Loading'*C~i'

0.20 .: 
00; ....

~' .1 rERIVED6 FROM OIUREF

.96

34

32 ~O'

28

26 r Mp 8 4, S

242

c22 ;80'u

'4 ~.76: 7~-

016 .74:

14

100

.22 ý2 .. 01

.01 .0 .08 410 .12 .:14 .loi4 ý 2.2 2 ~ $

Ad~ance ot~aI6
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t0i1 IN US$AF Sp 68. 07

1~400-CP-400 Bgiine
Cate~gory 11

colldiioii P40., Avg P'ro~svre Alt~itu&' (Ft) zZ

CV Co.o( 00- Avg Fret-, Air lump. ("C)
lq/sd u ,5, Avg GrosS 1Wei~llt (Lb)

3~II ~Avg cg Location (Sta)
Avg Nit (rpn) ale 5

UAZTIVEO~I FROV PIDIR~ s

I"IJ

us, .94

/" L

31) 192i

i/ _.) il:4 E 84-
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It!

'(1 .1 .1v4J l . 8 .0 . " 2 2 1
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Ul1-1N USAF S/N 68-10776

T400-CP-400 Engine

Category 11

C.0ofdition No. - Avg Pressure Altitude (Ft) spo
(-o 4 2 t( Avg Free Air Tem!,. (OC) -

9, - 91 Avg Gross Weight (Lb) = &•aO
Avg cg Location (Sta) x 159,9

Avg Nit ("P11) -1. 
l

.. o,,•. .1.00

99 M"AXIHI 1'q

JS NAMPP .------ . *--VtE 98

1 FI. I

74

. 1 k

:"A1{ . .80

oo

.11 .12 14 i( 1 .22 3

5. p. / 0 ./'4

d --

rWwalwc Ratio-- j&.

*Iidl 6.3t . Niiziprsioal Level Flight P.rformaz icc
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Uli-IN USAF S/N 68-10776

T400-CP-400 Engine
Category II

CondiLion No. m Avg Pressure. Altitude (FxP t) io

(C 1 OC Il8( Avg Free Air Temp. (0) Q --a o
1•/,sa Avg Gross Weight (Lb) -s po

Nli/,rda* 3BO.i Avg cg Location (Sta) - j..se
Avg NR (raii) w -3 '1. z

l~adilkS CL.ERN

.99 MRXIMUN

it-

•sc>i L 4

.01 .84 .: . 1.
28j -- --

~~r Ž41 RECOMMEND3ED

CRUISE, .84

' .I C'TP---x l~

SC .- ", .

.70

(JJ

.0 1 . Mv ?i .11) ,111 .14 .10 .18 .210 .22 .24 .26 .28 .30

Ut

Adv-ance Ratio -p:

I xg~ii" #.,D, Nondimvnii-,onal Level Flight Performance 75 I
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CJs1Uategory 6a107

Cnditiý,, HL). 4 Avo Pressure Altittue (FR) ss%2P

(4 j MO 1~i6 ) . Avg Free Air Ter~p. COC) a0,0
W116 11,567Avg Gross We~ight (lb) -at

4 Avg cg I4catioll (Sta)a

Av g .1RI (A P.11) 9 KA -TIIDVOK-S"f-EEI
1~a~i'~ CLEfti~ a C E~

FF,\Ml'* FWDAW VICJ5.

AA

o.14
-- 82-

)S' .76
/zI

74 d?~ (

4\r:11 '

Adac PAi .S2L
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llii-IN USAF S/N 68-10776

T400-CP-400 Ln ignti
Category I1

Condition No. 6 Avg Pressure Altitude (Ft) 5 s;00
CT - o.oo~Z33 Avg Free Air Temp. (C) -
W/6 a - klo-r, Avg Gross Weight (Lb) - NsO
NR/,r•a rd 3• Avg cg Location (Sta) aI1.7
Avg NR (rpm) .3 9 O - AII-4LF SYN5*q31S ?JNDICF_.•T•
Loading CLAN RR CO FCXiA . .

C)C ,'tn i6 A F 1(J.*2

2 :o~a Ji~E~'J ~?S ~1.00

S..99A NMI mum .98
, , - .96

,1P'"\ ' .92

I"CI

S.86-N '[

1' •, E. 8 4 k.5

* 20 .78 ,

!8 "7 •7 (

,U N-...74

-r

..1), , Io . ,12 .1,4 ,1 .18 /20 .22 [24 .26 ,28 30

AdvanceL IRatio -)lk

S • lIy,.|ie •,_.• lol~j~lllls ona• Le el light Perr.)rmalime

I N.



UII-IN tJSAF SIN. 68-10776 .

., ~~Category 11+

%.oI1Jxttrn No. T Avg Pressure Altitude (FT) =4piO

CJ Avg Free Air Temp. (°C) -Avg Gross Weight (tb) = ep(."

. 4 1 1,4Avg cg Location .Sta) -•4

Lo¢ading .,c.R- .

-- I
AA?

_ .'7 VI .94

/ I [

1 ' N A•, AIDED

A /A

I•, ...-;' A 't •

/iII

ii . , ._ 30

•I I..7

*--''-, / I

I 'I ....- . .. . . .~. . . ~ ~ .

Advance Patio w M

Level F i g/t Performaice I
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.90

32
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.Uli- IN UPI3A S/N' 68-1077
14 )-CP-400 Tmginij

Category- ;I

Cvlldi~ior, 44o. u9 _ Avg Pressure Altitude (Ft) %-X?(o
.y ..... ýAvg Free Air Temp. ZCC 5

4/ 9, 4 4E3Av g C-ross Weight (1,b) a *

*iiveJ a.-C) Avg 5g Lqcation .[sta) .z
AVg Npj 5 14-.3

*47 m-.205 t~ * Z 1,00

.11

.4) 10 .1 .4 .1 18 .2 )2 'M

Ax~ii; Pati -- )L

C -L ,,davkjn lLv l11gi e fpm l~



U1i-1% USAF S/N 6.8-10776
T400-CP-400O Engine

Category I1

Condition No. - to Avg Pressure Altitude (Ft) %pto
CT - o.oOrST Avg Free Air Temp. (C .2-0.4
W/6a -Avg Gross Weight (Lb) - eqlao
NR/40.a a 321.1 Avg cg LoC.ation (Sta) w i-7.o
Avg NR (rpm) a $12.4
Loading 9 C.LEAN

CERMIVF-D FPIDM F I GUM
0.20 4z1-Y. 'I S b 14G ....;5 1.00

1. IS • .98

S 0. 10 .96

0.01 .9 MAXI MW .94
NtPP

34 .9 2

32 .90

30 M'I .88•

, 28 .86- B186I
84

u 24 8C/2-

2' .80 -"

~20 .8

"6 .74-

4 7

12

.04 .(U .'08 .10 .12 .14 .16 .18 .20 .22 .24 .26 ,28 .30
"Alyanrce i -Rai

32. I ,gure N.. ,ondimensional Level Flight Performance



U1I.Ui USAF 5I 68-10O776 i

Ccni IAVg Pressure AlitdeCE

Codito No. A 10itd (Qt)
1"-r OO~8 Avsg Free Air Tep (CC) lb.A

i00L Avg Gross' wpigh (LW sz

NR/aa "r Avg C!9 LO 3tiop

Avg NR CrMs) j3Q.
Loadin~g .CLCRM~

T ..... .

Q. 20

0 IE

~-1J7

7 -80

.76

C.

0 64

ioire (.a Norndiiension~al Ifevel, light, Perf ormanCe a3



Uli-IN USAI S/N 68-I10776

• T 400-€P-400 Engbin . . . ).:. :

Category II .

Condition do. 1o Avg Pressure Altitude (Ft) 4,ý0 q

CT 00,• 3(o05oO . Avg Free Air Temp. (6C) = &.
W16a -•OPST Avg Gross Weight (Lb) -S)(o '
•R/r" Oa .' z .Avg cg Locat ion (St•)
Avg NR (rpm) a .,t 4, Q6 RF* FOR HEHf ON

Load.ing CLEAN.

0.20 v .... - 1.00

€ . , . I •.. - --0 , i .9 8

S10 /...f• _i_ . .96
Z ,

24 .92_

32 .. .. 90

Uo

26.. 3 .84

"U N 08 01 x
-- 9

77
S2"N. , .. i -

• •I

14,"

4A
i2

.o4 .0', .08 .10 .12 .14 .16 .18 .20 .22 .74 .26 .28 .30

Advance lait io - Pe

IA I L~trxe , NiOlndimcllisOnla Level Flight Pe~rformance
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0.05 .94

34.. . .2 .

32

30.88
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UkkiN USAF SIN 068-0776

Category 11

(;oIIdi.ioslii ~o, Avg Pressure Altitu&ý (Fr)
CT Avg Free Air 'limp, (C i
11/6a Avg rross Ilught (I~b) =

NR/"ba b40.0Avg cg [.ocat-ouj (btjL)
Avg NR (i0u

Loading (L*

A 60

V. V/

2 ~ ~ 2!- 19 i~J " J..Lh)

0. 10

2) 4

IJ .7fi

*~ 21

24 Oo .9 101'.1 1 1 7 2 2 2

Ad*n 4l /iv

Figue 1'. No~di~~ensona Levl Flght erfomanc .8



UII-IN USAF S/N 68-10776

T400-CP-400 IEngine
Category 11 -

Condition No. *IS Avg Pressure Altitude (Ft) =I.60
CI, a .Oo399ir Avg Free Air Temp. (*C) = Z•.•e
W/6 a 9,800 Avg Cross Weight (Lb) w %z* O
NR/,T° 3 CO.)C Avg cg Location (Sta) w
Avg Nil (4'•a • 0i ,

Loading CL PiN

0.. 20 1.00

P.9,

v . It) .o .96

0. ObI ... H.. ... 9.

,) , .902

LI,. .Kz

SOI

o Mop

o -.- -- ,-"4 26 "4 . 80-'l

0 18 I- %

\ I ,,*

, 20 16 1 7

S0 " .'J ,74 -•1.1

408 .10 .12 .14 .16 .18 .20 .22 .24 .26 ,28 .30

Advance Ratio -

riguue 'r'g. 4ondimensional Level Flight Performance



Ulf1-IN USAF S/N,68-10776
T404.,P-400 Enghe,J r-ttn. .s• V,, TT :.....

Conditioi• No. u 14 Avg Pressure Altitude (rt) 4j,
C1; .o04007r1 Avg Free Air Temp. ('Q =S,O

W/6a• (,•'0 : Avg G;ross W9eighit (l.b) u 4.7tiO

N3jAS7 7 Avg cg LoCation (Sta)
Avg NR (rpm) , 3o,7
Loa~iing * Ct.E~-lN

J A'- 9 1

-.1" .9(
I .08

,.-.• -. . . -, ,43 I83

26

U 24 C3 -(

S: 22/ -'

8, ,7E. Al

4')

14 ;

,.)4 .01, .08 .10 ,12 .14 .16 .18 .20 .22 .24 .26' ,28 .30

N!

Adv ance Ratio-

Figure -re, Niondimenstona, bev~el F~light Performance 91



U11 iN UsArF S/N 68-10776 ....

T40.0- P-40,0 Enne
Category 11

Condition ho, 14 Avg Pressure Altitude (Ft) *31300
.T " Y ,vg Free Air Temp. (*C) A a

/ ... ... •/ _k);,p 6 '51 Avg Gross W1eight (Lb) z 92.s.
Avg cg Location (Sta) -AvS N 1 ( pit) u 3 15. .b

1'"aM9ng L AR4O DOORS OPEN TWO XM-93 MINIGURS EXT.NrDED
FI•ED 10 FIRE FORWRROP AND TWO LAU-5•/R ROCKLT

• .- .1.00

z

S49

.re; ....•.•.92 
.

, i/ I-
.7-

/ .: . 3 ,8 ) -

.. 8

C1 ~ 
m 1 \4

i'i, N<~,7 0/"-

C:4 80--.-

" 21 .78,U42.14 .,4 i.°~. %,....
1 .,2 . 74 e
14 .7Zi .

.0.1 M0, .08 .10 .12 .14 .16 .4•8 .20 .22 .24 .6 .28 .30

Advance ltati - ).

i kirr? . Nonim,.onsO•pa Level'Flight Perfrimance



~iffl IN UAJF S IN 66-10716h

VW A,*.. S V pity, 5' IV

Cataogory 11.

Conditiion No. .0isAvg Pressu~re Alt itu.it: (Ft) eej:
CtAg Fr e Air Temp. (a

* /~ ~Avg, Gro~ss Wttigil (Ib)
* N.~t%~a Avg cg l~ocai wio (St a)

Avg NR IA~I t

Lcadini C A ti-lW4k

Q. 20(

C6L' Kc414*r

OS ~ ~ ~~ 41j -1 A,.xýU i

-92

2'& *~ ~ , Vtl I *

28 -5 HK~

27 44..ý

I.80

144kA.A

.0,4 , *s.10 .1Ž .14 .16 .18 20 .'!2 .74 .2t) 18 .30

il~.'s 1 Noidimenslonal Ltiveu Flight Pcrforisaanwe 53



T4QO0CP 400' ;~n

Condition No 1v rs~eAL.td F)~0Z~

CT wO00040 .Avg Free Air Temp. Q'). .
W/6a A1ý4b ,ývg Gross Neight I(Lb) ps

NR/Ma 3'OO. * vg:.dg Lo~atioh.(S~ta) w'=
Av;I4~~kV -rn Tf ikt-ED ;.:r.MWo M S INDcxcprr B-;EE

Lb USia CLEFIN RA. ONFR.EI

O.IS
0.10

0.10 96

0.05. ... .:,..94

34~
.92

32 90

30 . . . . . . .0

.888

.86- 7

24 8 2:-

- .. .. . .. >

rj * .. 7 82

.7

.764

44 .72

.04 .00 *08 .10 .12 .14 .16 .18' .'20 .22 .24 '.26 .28 .30
Advance:Ratib )JL

~~tiguirc (9. Nondimensional Level, Flight.Perfoiriiance



Ul-IkN, USAF, S/N 68- 1¶97 . .I

1'400-CP-400 Eo'iLna. ,:

Condition No. . Avg Pressure Altitude (Ft.

("I' " Q:!:4a rAvg Free Air Trmp. C(O) =--)-I E
iv/'/a a ý, F. :r '':!.vg Gross Weight (L b) -.*,4sO

aNR,• 3 0-0 Avg qg Location (Sta) ,

Avg NR (rmu) =3I1Z. .

lodng-CLýRIN

q9 v• J I MW

2O .':;.,;: .94]

0 5,

I4 5Aita.• UNGIN•- ,b'ft3HFTION".'i

l W• NINLE. l-4C-T LNGINL I .91)

I f•-l •.�- r~ ,,.•..Dl'-LE. ,

38 ""4 .E(, Y

"- I "-"' I ••

C) 7' 1.8(hC
I, •1 i •, • 0;iD -- Q K )V.. {- ("

02"-7

04 .7 7 8 .10 .12 "4 . 8 Z.

. ) u. v P, No .l . lz 4 6 .al 8 ,e .I: f4 g,.2 Pe,2 .n. 0

viure e:. •.•.mF!.,.,<~r •vE..!Fm.a!t p.ef...a¢• '! Sb ij



category~

Coni~oi No "Tr Avg Pressure Alt tud (2t = 0:

* /6 A'vg CGr~ssigt (Lbo)

N *. AvSS9.$ Locatiboý (Sta)

Loakin An CLEFa HBt

-0.20 
,' I.0

0.1.5

0.:10 .fitfP.96

0.05 94

34 .92.

32~ 
... 90~

300

281 
96:rt~AMz3

Ln:

/ ~.824

-22
'0 0'

~20
Re- VNMR

C4

1.4N

*W~.% 08 .10 .12 14.6 1 .2.0 .22 .24 .76 .78 .30

Ad1vaflc FIntio - p.

I . ~dm~;i n~t1ove 1 Fl1ight~ T'erfornirnce
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COn4iWiI NO i's: IT, re~suro A ltittde (Qt 6;~o 20

t. .1 .0402-3 AVO, Fre 'Al?! Tqmpo( 0 ) '.

W/61i u:2OtA~ Gross woightý (Lb): 9,ý

NR/v' I A~ ~gLocaio (Sta.)

Avg NR' (rpm) 34,TFLE 1$ NccmE5EO
Loading 4 CLE AU1Ik ai ctn t-WEIW
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T400 P406 Eh n

Condition No.' *-Z .. ...

CT,0. 0042795 :AvgFree Air: Teii.()! e

11/68 si I,ý2. vg qro's s'We'igiht (Lb): 9,1 o;

NR/r 319. Ava cg Location, (StA),

Avg NR (rPM) 3w.ý
Loading CLEAN

CE~d\/FD FPCM FICLSIM 4Z iHPOLG SI 1 - IZ8

0.20 
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z 010 96
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, ; : U11-IN USAF SiN 68-10776

T400.CP-400 Er~gine
Category I I

Condition .io Avg Pressure Altitude (Ft." 10

C'T O.Oct99B Avg Free Air "I'omp. (C) 2 k4,6

W/ga is 11124a 6 ;Avg GrossWeight (l.1)
NR/O-a 310.3 Avg cg ,oCatdi ($ta) .
Avg NR (rpij) "-,' u,,4
Loading CRGtgO OQORý OPEN, TWO XM -9 I tINIGUIAS txILEDeD

FIXED TO FIt4. FORWARD ARND TWO LIAU-59/A ROCEkT

0.20Itls HN

0.1A0 1 ' c* i Ai I El
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I N . A0

18

10- .7 113
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IOS Figur-e •,a I~onhlmitrnItona1 L.ovet FHig• ror).
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11W. SIN (58-10776 I

T400-CP-400 Engine . . ....

Category II,

Condition No. -Zz Avg Pressure Altitude (Ft) -%560

C'' 0, 00429 Avg Free Air Temp. (OC) .

w/6a wiZ'(74 Avg Gross Weight (Lb) - 6* 30

Np/€/a 3 3 Z. Z Avg cg Location (S..) x 5-7, .2.

Avg NR (rpii) 3ZI.9

Loading • .LEFiN

4( 11 ~jf-l' X-AI F+4:ý i Z 
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",i.86

At
0U.76 >
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UI-IN USAF S/N b8-1076.

T4)-~CP-40P Engine
Category II

i..undjtton o, ,,.Avg Pressure Altitude (Ft) 71'o0

C" Avg I ree Air Temp. '("C)Q 1b.
/ - O Avg Gross Weight (Lb) = 'O0o

,'•//.l a 9 Avg cg Location (Sta) je.to

Avg NR (."i.)
Loading TI-'O ,..u..5/Fk ROCKET LAUNCHERS.

1.00

.. 98

.94

- -4 .906,

.80
- 0
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I.IN USAr S/A 6l-i0,6' .:.. .:' 4
" 4 ', . .... .. . : . ..... : . . .. > .. . :.... ....

C~tegory II

C(ondition No. . Avg Pressure Altitude (Pt) 1,,.0
(4T - o0. oo04"4 Avg Free Air Ternp. (*C) - 12,.i
W6. II-951 Avg Gross Weijlht (Lb) 9)430

IT .: Ayg cg Location (Sta) -I57. B

Avg Nil (irp) -339.7r
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-, - . - UN. '••"•'.

2- .80"

x /" Ox•:......>".," /

..-" . ,,

• . •(: i,

II 4p

i .. .. . .. .
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Uli-IN USAF S/N 68-i0776 .

T40OQ-CP-40. Ln•Wtn# .j .

Condition No. Z.7 'Avg Pressure Altitude (Ft) -.9;l9

CT " O.o045857 Avg F'ree A.hi Temp. (0C) *- .4
W/68 a itO8 8 Avg (Cross W~eight (lb) a sseo
NR/B o Avg cg Locati on (Sta) .

Avg NR (rpm) u41O.7
Loadi.n aCLEAH .
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LII-1N USAF S/N 68-10776
T400-CII-400 Engine

Category 11

C(ondition No. = Avg Pressure Altitude (Ft) =5,8BO
k1* Avg Free Air Temp. (C) 17,9

/a I.49 Avg Gross Weight (Lb) = 9,870
Njý.!,rqa- - -;aio -,s :Avg cg Location (Sta. - '-I
Av' NII (rIp•) N 501,7
Loading * C'.EF-j'4

U j MaAE- .94
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/
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400. P ..0 Aln 01t i ...

*Conditoio No'.m a3. igzesieMitd Ft lr
CT 0 0094104iP ~roo. Air Temo,;: (.Q 14.0',

* I239q , rosoijilt (1 io)b)

a Av~ cg Locýation Sta)

Loading a CLEAR

0.20 10

~ 015VNE .98

z 0.10 .96
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so- .. 8 -
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N'/wr Av iocationT

CARGO10 0obORS, OPENý TWO XWM1 ?4INIGUNS EXTMNtýED
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2 -
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T400'CM0 ýnie

CT 0.004)9915 !Avg Free Air Tomip ;(*C) I
w/6~ Avg t.;ross Weight (b

NR/ 19.4Avg c~g Locat-ion (*,ta) ~
Avg NR'~mn
tLoaliui-; .CLERN!

28 8

4~

-44

u 18
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Q ' . 0 1 1 1 8 .9. 0 .. 24.'
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Condition No.' u 41 .AgPessure Altitude (t: *r;9

CT ~o~oo9~t)K' ývg Fr-ee AiTV,.(C

W/6a 1 43TO . V ross eht(b) GT
a ~ . . Ag gLcation(S)

Avg NR (rpm~) rE,3 1T ý
Loading * CLEAN

1.00

0.15 
.98

~ o~lO.96.

0.05

34 
.92.

32
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Lf 
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24-
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Con~it~lo No.~~IA~IzsiieAUue(t
CT uO.0050 Av...... Tr~' 0C

W/S; 01'51T3ý1 Avg Gross! WeiIght (Ib) 64

- Ag ,g o~atiojl(S) 7Z
NR/, 340.4
Avg NRý (rpli) il 131.4 r.-TILL AAL lLCFh ?EX

L~oading eA O

0.20 ~ n*~flM5~ ~1.00
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' ... . .~Ul-u ; p. USA6 S• 6 - 1077 6 i'' .... .

T400-CP.-400EngOne
catelgo~y!I

Con.ition No... 44 Avg Pressure Altitude (Pt) •.Z40

....... ".OOSZ83 Avg Free Air Temp. (C) 16.0

W,/6 a . ,6 Avg Gross Weight (Lb) 9.540

. ....... NR/, . = 300.5 Avg cg Location (Sta) 1LTy.G

Avg, R (rpm) 301.0

Loading CL.RN
DR•-t',ED F-PRCM FIGfREL5

4Z0.15 .81-PD1i

.0 
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34 . "
- Ve

32 9

30 
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28 /.86 7
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0
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".8

.80--
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U7 8 7:120 "'-, k''.78 > ,'

o ", 
07

u 18 
.76

16 
.74• -"-."4t
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10 -... "

.04 .00 1,- ,14 .16 .18 .20 .2 .Z4 .26 ,28 JO
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APPENDIX II

GENERAL AIRCRAFT INFORMATION

Dimensions and Design Data

Overall Dimensions

Aircraft length (rotors turning) 57 ft 0.7 in.

Neight (to top of turning tail rotor) 14 ft 4.7 in.

Height (to top of rotor crown) 13 ft 1.0 in.

Aircraft width (rotors stopped) 9 ft 4.0 in.

Skid width 8 ft 8.4 in.

Main Rotor

Nu•ber of blades 2

Rotor diameter 48 ft

lotor disc area (A) 1809.0 sq ft

$ lade chord 23.375 in.

Blade airfoil

Blade root to 80-percent radius NACA 0012 (modified)

Blade tip (linear taper from 80-percent NACA 0006 (modified]
radius)

Geometric solidity ratio 0.05167

Main rotor clearance, ground to top (rotor 7 ft 2 in.
static against stops)

Forward tilt of rotor shaft 5 deg I
Main Rotor Blades

Pitch, collective (measured at the 75-percent 0 to 41.5 deg
radius station)

Pitch, cyclic (measured at hub yoke)

Longitudinal +12 deg

Lateral +10 deg

Flapping +11 deg

Preconing angle 2.75 deg

Blade twist (total) -10 deg

132
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Tall Rotor

Nuniber of blades 2

Diameter 8 FL ( i.

Solidity ratio 0.1436

Tail Rotor Blades

Blade chord (constant) ]" ." in.

ilade LwisL 0 l(:ql

Hub precono l iny].e .1. . 5 ([U

Airfoil section !'ACA 0018 at. S!. i 12.15
Lapuci.iij Lo 11ACA OOfj?.27
at sta 51..0

Aspect ratio 8.3

Ranyge c)[ flappiwij d.sI ,

4 1-N
i') IN I

48 • 1 H A......

I r

' ~~ .4;L IN

SjF21,N + I''" A~l'IrJ'. ' ,14

t9'

I , , ,, I 
.

r 11

I t- 'I II I A

""II.1 I I .1 1 1 
I"

tO'Wl Sr PAIIM 01 Yt111'

Figure I. Principal oill-IN Dimensions
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Power-on design maximum 324 rpm

Power-on design minimum 294 rpm

Power-off design maximum 339 rpm

Power-off design minimum 294 rpm

Power-on or-off limit 356 rpm

Gear Ratios

Engine power turbine speed to engine output 5:1

shaft speed

Main rotor transmission (engine output shaft 20.37:1

speed) to main rotor speed

90-degree ge&rbox 2.59 :1

Intermediate gearbox 1-1

Engine output shaft speed to tail rotor speed 3.98:1

Tail rotor speed to main rotor speed 5.122:1

Limit flight L.ai Factors

At 6,600 1b (basic design gross weight)

Maneuver loads (g's)

Positive 
3.5

Negative -0.5

At 10,000 11 (alternoa* mission gross weight)

Maneuver loads (g's)

Positive 
2.3

Negative 
0.33

Design Maximum Speed

Level flight 
130 KIAS

Sideward flight 35 KIAS

Rearward flight 
30 KIAS
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Main Trasmisslion Rating

At 6,400 rpm output shaft speed

Takeoff (5-minute) 1,250 shp

Normal (continuous) 1,100 shp

Weights

Design gross weight 6,600 lb

Maximum gross weight (internal) 10,000 lb

Fuel capacity (design) 212.5 gal (1,381 ib of
JP-4 at 6.5 lb/gal)

Empty gross weight 6,000 lb

Centrel Riggings
Collective control full down - Main rotor blade 7.0 deg

pitch angle at blade root

Collective control full up - Main rotor blade 21.0 deg
pitch angle at blade root

Right pedal full forward - Tail rotor blade -10.4 deg
pitch angle at blade root

Left pedal full forward - Tail rotor blade 21.9 deg
pitch angle at blade root

Rotor Systems

The main rotor is a two-bladed, semi-rigid, teetering type employing
preconing and underslinging. Each blade is connected to a common yoke
by a grip and pitch-change bearings with tension straps to carry centrifu-
gal loads. Teetering motion of the rotor takes place about an axis per-
pendicular to the spanwise axis of the rotor. A stabilizer bar is pro-
vided to improve the inherent stability characteristics of the rotor.

Main rotor blades are "thin tip" blades; the basic NACA 0012 air-
foil was modified by introducing a linear taper in thickness from a 12-
percent airfoil section at the 80-percent blade radius station to an NACA
0006 airfoil section at the blade tip, and by then attaching a 2-3/8-inch
chordwise extension to the blade trailing edge. The extension increases
the blade chord length to a constant value along the span of 23-3/8
inches.

The two-bladed tractor tail rotor is a rigid, delta-hinged type
employing preconing and underslinging. Each blade is connected to a
common yoke by a grip and pitch-change bearing; the blade and yoke
assembly is attached to the tail rotor shaft by a delta-hinge trunnion
to minimize flapping. Tail rotor blades are also of the "thin tip"
design, but without the chordwise trailing edge extension.
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Rotor control systems are boosted by two irreversible and completely

independent hydraulic boost systems. System 1 supplies boost pressure to
the cyclic. directional, and collective controls; system 2 supplies boost

Pressure to the cyclic and collective controls only. Pressure, supplied
by two transmission-driven pumps, is admitted to the appropriate boost
cylinder through a power cylinder servo valve actuated by movement of the
cockpit controls. A force trim system and an artificial force gradient
or "feel" are provided for the cyclic and directional controls through
a system of magnetic brakes and springs.

Power Plant

The aircraft is powered by a United Aircraft of Canada Limited
T400-CP-400 power package consisting of two PT6T free-turbine turboshaft
engines, each with an uninstalled rating of 900 shaft horsepower at sea
level, standard day conditions. The power sections are coupled to a
combining gearbox which has a single output shaft to drive the uprated
(1,250 shaft horsepower) main transmission. overrunning clutches in the
drives of the two power sections permit torque to be transmitted in
one direction only, providing for single-engine operation and two-engine-
out autorotation. An automatic torque matching unit provides for balanced
load sharing between the two power sections. The torque matching unit
receives oil pressure signals from each power section proportional to
the torque output of that engine. Equalization of engine output torques
is achieved by comparing the two torque pressures and sending an "in-
crease fuel flow" signal to the automatic fuel control unit of the rela-
tively low-torque-output power section.

The engine combining gearbox has a hydromenhanical torquemeter in-
stalled as an integral part of the reduction gearing. Figure 2, Appendix
II, presents the torquemeter operation. The operation of the torquemeter
is based on the principle that a torque applied to a helical gear pro-
duces an axial force normal to the gear's plane of rotation. The output
torque of each engine is transmitted through a helical gear to that
engine's torquemeter. The torquemeter senses torque through a helical
gear attached to a piston. Torque applied to the gear causes an axial
displacement of the piston which, in turn, opens a port allowing oil
under pressure to pass through the hollow shaft of the piston to a cavity
adjacent to the piston face. Oil pressure against the piston face in-
creases until the axial force caused by the engine torque is neutralized.
The relationship between the oil pressure required to neutralize the axial
force on the piston and the engine output torque passing through the com-
bining gearbox was determined for the Category II test power sections
and gearboxes via laboratory calibrations. The calibrations for power
package combining gearbox S/N 4061 with power section S/N's 66121 and
66122 are presented for twin-engine operation in figure 3, appendix II,
and for single-engine operation in figures 4 and 5, appendix II. The
calibrations for power section S/N's 66127 and 66128 are presented in
figures 6 through 8, appendix II.

For twin-engine operation, the relationship between output torque
(ft-lb) and torquemeter oil pressure (psi) is independent of pa.,er tur-
bine speed, engine oil temperature and bleed valve operation. For
single-engine operation, the relationship between output torque ana
torquemeter oil pressure is independent of power turbine speed and the
operating mode of the second power section (flight idle or shut down).
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Weight and Balance

The basic weight of the test aircraft, measured with fui.l oil,
trapped fuel and test instrumentation installed was 6,733 pounds. The
,g location for this configuration was at fuselage station 144.44.

Flight Limits

Center of gravity limits and airspeed limits were obtained from
reference 2 and are presented in appendix II, figures 9 and 10, respec-
tively.

Test Instrumentation

Test instrumentation supplied by AFFTC was installed by bell Heli-
copter Company (BHC) of Fort Worth, Texas, in accordance with AFFTC draw-
ings. Initial calibrations were accomplished by BEC with subsequent cali-
brations, modifications, and maintenance being accomplished by AFFTC.
The basic instrumentation package consisted of a CEC 5-119-P3-5 50-
channel oscillograph, a photorecorder, a time correlation system, a "tail
low" warning system, and associated sensors and wiring.

Instrumentation List

Sue appendix Il of FTC-SD-71-50, UII-IN Category It Flying Qualities
Evaluation, Air Force Flight Test Center, Edwards AFB, California, January
-972.

CEARBOX

INCRESUED

CONST ANT
POWER

POWER I1
INCREASED

Figure 2 Torquemeter Operation
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